In recent years, the incidence of diabetes has been increasing rapidly, which seriously endangers human health. Diabetic cardiomyopathy, an important cardiovascular complication of diabetes, is characterized by myocardial fibrosis, ventricular remodelling and cardiac dysfunction. It has been documented that mitochondrial dysfunction, oxidative stress, inflammatory response, autophagy, apoptosis, diabetic microangiopathy and myocardial fibrosis are implicated in the pathogenesis of diabetic cardiomyopathy. With the development of molecular biology technology, accumulating evidence demonstrates that non-coding RNAs (ncRNAs) are critically involved in the molecular mechanisms of diabetic cardiomyopathy. In this review, we summarize the pathological roles of three types of ncRNAs (microRNA, long ncRNA and circular RNA) in the progression of diabetic cardiomyopathy, which may provide valuable insights into the pathogenesis of diabetic cardiovascular complications.
| INTRODUC TI ON
Diabetic cardiomyopathy is a type of cardiac dysfunction that develops in the absence of hypertensive heart disease, coronary artery disease and valvular heart disease. 1 It is characterized by myocardial fibrosis, ventricular enlargement and cardiac dysfunction that ultimately leads to heart failure. Emerging evidence implicates that mitochondrial dysfunction, oxidative stress, inflammatory response, autophagy, apoptosis, diabetic microangiopathy and myocardial metabolic abnormalities are involved in the development of diabetic cardiomyopathy. 2 Hyperglycaemia can exert adverse effects on myocardial tissue through various mechanisms, including metabolic disturbance, microvascular impairment and subcellular structure abnormalities.
In recent years, non-coding RNAs (ncRNAs) have important functional implications for human health and disease. 3 There are many types of ncRNAs, 4 and the main classes of functional ncRNAs that are not translated into proteins include microRNA (miRNA), long ncRNA (lncRNA) and circular RNA (circRNA). The biogenesis of ncRNAs is complex, and the specific process is shown in Figure 1 . It has been reported that ncRNAs participate in the pathogenesis of multiple cardiovascular diseases by both transcriptional and post-transcriptional regulation. [5] [6] [7] In the present review, we summarize the important roles of miRNA, lncRNA and circRNA in the pathogenesis of diabetic cardiomyopathy.
| MIRNA S
miRNAs are highly conserved and single-stranded ncRNAs that include 20-22 nucleotides. Their primary function is to negatively modulate gene expression through binding to the target mRNA and subsequently inducing its degradation or suppressing the translation. 8 miRNAs can regulate the translation of more than 60% of protein-coding genes. The available evidence indicates that miRNAs can regulate cardiac hypertrophy, 9 myocardial fibrosis, 10 oxidative stress and apoptosis, 11 mitochondrial dysfunction, 12 epigenetic modification, 13 cardiac electrical remodelling 14 and other pathophysiological changes, 15 which are associated with diabetic cardiomyopathy. Moreover, miR-9 was found to reduce cardiomyocyte pyroptosis induced by hyperglycaemia through targeting ELAV-like protein 1. 
| Cardiac hypertrophy

| Myocardial fibrosis
Myocardial fibrosis is a typical pathological characteristic of diabetic cardiomyopathy, and it is regulated by miR-133a, 10 miR-15a/b, 37 miR-21, 38 miR-29 39 and miR-200b. 40 Liu et al 38 revealed that miR-21
was upregulated in cardiac fibroblasts exposed to high glucose and could accelerate collagen synthesis through the c-Jun N-terminal kinase and p38 signalling pathways. miR-15a/b were found to be downregulated in the myocardium of diabetic patients and consequently activate fibrotic signalling of transforming growth factor-β receptor-1 and connective tissue growth factor (CTGF). 37 In addition, 
| Oxidative stress
Oxidative stress is critically involved in the pathogenesis of diabetic cardiomyopathy. It has been documented that miR-1, 41 50 and myocardial electrical remodelling. 14 Arnold et al 46 reported that miR-29 overexpression in a diabetes model was associated with cardiac structural damage and accompanied by decreased expression of myeloid cell leukaemia 1, a protein that promotes cell survival. In another diabetes model, increased miR-141 expression affected ATP production by decreasing mitochondrial phosphate transport. 47 Reddy et al 48 
indicated that disruption of the negative regulatory loop involving miR-200 and
Zeb1 increased inflammatory response in vascular smooth muscle cells under diabetic conditions. In the diabetic heart, miR-146a was associated with elevated inflammatory factor and extracellular matrix protein production and cardiac functional alterations. 49 In addition, miR-193-5p was found to be actively involved in the development of diabetic cardiomyopathy, possibly through negatively regulating its downstream gene IGF2. 50 Panguluri et al 14 suggested that miR-301a mediated regulation of voltage-gated potassium channel Kv4.2 and participated in the electrical remodelling in diabetic cardiomyopathy.
Taken together, a number of miRNAs have been identified to be involved in the pathogenesis of diabetic cardiomyopathy via different signalling pathways. Future research should focus on the interaction of miRNAs with the regulatory network, which may help to further understand the molecular mechanisms of diabetic cardiomyopathy. In addition, some circulating miRNAs have the potential to be used as biomarkers in the diagnosis and prognosis of diabetic cardiovascular complications. 51, 52 Furthermore, the current research on miRNAs may provide valuable insight into the future treatment of diabetic cardiomyopathy.
| LN CRNA S
lncRNAs, a class of transcripts which are longer than 200 nucleotides without protein-coding potential, have been implicated in multiple biological processes, including genomic imprinting, transcriptional regulation, nuclear organization and compartmentalization, RNA splicing and nuclear-cytoplasmic trafficking. [53] [54] [55] [56] In recent years, growing evidence has suggested that lncRNAs can actively participate in the pathogenesis of diverse cardiovascular diseases, including diabetic cardiomyopathy. The competing endogenous RNA (ceRNA) theory has been proposed that protein-coding RNAs and ncRNAs can communicate with each other to modulate gene expression by competing for binding to shared miRNAs. 62 Tao et al 63 suggested that lncRNA-GAS5 could function as a ceRNA to regulate PTEN/MMP-2 signalling pathway by sponging miR-21, thus playing a suppressive role in cardiac fibrosis.
Liang et al 64 revealed that lncRNA-PFL contributed to cardiac fibrosis through promoting fibroblast-myofibroblast transition via competitively binding to let-7d.
| Cardiomyocyte apoptosis and autophagy
Some lncRNAs have been identified to be correlated with cardiomyocyte apoptosis and autophagy during the process of diabetic cardiomyopathy. 65 Recently, our research group found that myocardial infarction-associated transcript (MIAT) was upregulated in the diabetic myocardium, while MIAT knockdown could reduce cardiomyocyte apoptosis and improve cardiac dysfunction. 66 We then further investigated the molecular mechanisms involved and found that MIAT acted as a ceRNA to increase DAPK2 expression by sponging miR-22-3p, thus leading to elevated cardiomyocyte apoptosis. 66 Moreover, we generated a diabetic rat model induced by streptozocin and found that metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) expression was increased in the diabetic heart.
MALAT1 knockdown was associated with improved cardiac function, partly through the suppression of cardiomyocyte apoptosis.
67
The lncRNA-H19 is a member of conserved imprinted gene family and participates in embryonic development and growth regulation.
In the previous study, we investigated the pathological roles of H19 in the development of diabetic cardiomyopathy. The results indicated that H19 was downregulated in the diabetic myocardium and high glucose treatment contributed to cardiomyocyte apoptosis by modulating H19/ miR-675/VDAC1 pathway. 68 In addition, another study by Zhuo et al 
| Inflammation
Inflammation has a significant involvement in the progression of diabetic cardiomyopathy. 65 Our research group previously found that MALAT1 expression was increased in the diabetic heart, and its knockdown could improve cardiac systolic function and reduce the levels of inflammatory cytokines such as TNF-α, IL-6 and IL-1β in the diabetic myocardium, thus indicating that MALAT1 might be related to the inflammatory response in diabetic cardiomyopathy. 70 Moreover, another study by Puthanveetil et al 71 reported that MALAT1 upregulated inflammatory mediators TNF-α and IL-6 in endothelial cells treated with high glucose through activation of serum amyloid antigen 3.
In previous studies, our research group generated a rat model of diabetic cardiomyopathy and conducted a microarray to determine the differentially expressed lncRNAs in cardiac tissue. We then investigated the pathological effects of MIAT, MALAT1 and H19 in the development of diabetic cardiomyopathy, mainly focusing on the mechanisms of apoptosis and inflammation. [66] [67] [68] 70 However, it circHIPK3 is a particularly abundant circRNA involved in the metabolic dysregulation and tumorigenesis. [77] [78] [79] Combined with circRNA screening and functional confirmation, our research group suggested that circHIPK3 was significantly upregulated in the diabetic myocardium, and circHIPK3 might act as a ceRNA to increase VAMP7 expression by sponging miR-143-5p, which resulted in elevated cardiomyocyte autophagy and contributed to the development of diabetic cardiomyopathy (unpublished data).
Compared with miRNAs and lncRNAs, the understanding of circRNAs in the molecular mechanisms of diabetic cardiomyopathy is still limited. circRNAs can modulate gene expression by functioning as RNA-binding protein sequestering agents, nuclear transcriptional regulators and miRNA sponges. 74 Emerging evidence has shown that circRNAs play crucial roles in multiple cardiovascular diseases and may serve as useful biomarkers due to their abundance and stability. 80 Future research will focus on two directions. Firstly, to further investigate the pathological roles of circRNAs in the development of diabetic cardiomyopathy. Secondly, to identify more circulating circRNAs as biomarkers for the diagnosis and prognosis of diabetic cardiomyopathy.
| CON CLUS ION
In the present review, we summarize the recent progress in the involvement of ncRNAs in the pathogenesis of diabetic cardiomyopathy. As shown in Table 1 
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